Erişkin DEHB hastalarında yüksek katalaz ve düşük tiyol seviyeleri Amaç: Erişkin dikkat eksikliği ve hiperaktivite bozukluğunun (E-DEHB) yaygınlığı %5 olarak tahmin edilmektedir. DEHB etyolojisine ilişkin bir çok hipotez vardır. Çocukluk çağı DEHB'nin nörobiyolojisine ilişkin bir çok araştırma yapılmış olmasına rağmen E-DEHB çalışmaları nispeten azdır. Birçok çalışmada oksidan aracılı nöronal hasarın birçok psikiyatrik hastalığın patofizyolojisinde rol oynayabileceği belirtilmiştir. Daha önce E-DEHB'de oksidatif stres çalışılmış ve sonuçlar bu rolü desteklemektedir. Bu çalışmada E-DEHB hastalarında katalaz (KAT) ve tiyol sevilerini çalışmayı ve sağlıklı kontrollerle karşılaştırmayı amaçladık. Yöntem: İki psikiyatrist tarafından uygulanan Erişkin DEH/DEHB DSM IV-Dayalı Tanı Tarama ve Ölçme Testinin Turgay'ın Türkçe versiyonuna göre tanı alan 25 E-DEHB hastası ve 25 sağlıklı kontrol dahil edildi. Denekler kesinlikle kan alımı öncesindeki günün 20:00'dan sonra herhangi bir madde alımı ve fiziksel egzersizden men edildiler. KAT ve tiyol çalışma gruplarının plazma örneklerinden ölçülmüştür. Bulgular: Hasta ve kontrollerin yaş, cinsiyet, ve beden kütle endeksleri homojenlik göstermiştir ve gruplar arasında fark yoktu. Toplam puan ve alt ölçek skorları ile belirtilen biyokimyasal parametreler arasında herhangi bir ilişki olmadığı saptandı. Hasta grubunda kontrol grubuna göre ortalama KAT düzeyleri daha yüksek ve Tiyolle düzeyleri daha düşüktü (sırasıyla; <0.001, <0.001). Psikiyatrik ekhastalığı olan hastalarla saf E-DEHB hastaları KAT (sırasıyla; 11.49±0.28, 11.51±0.40) ve tiyol (sırasıyla; 0.22±0.05, 0.25±0.03) seviyeleri açısından karşılaştırıldığında herhangi bir fark tespit edilmedi (sırasıyla; 0.865, 0.174). Sonuç: Çalışmamızın sonuçları tiyol sevilerindeki düşüşün KAT seviyelerindeki yüksekliğine bir tepki sonucu olduğu ve tiyolün çalışmamızda pro-oksidan gibi davrandığı işaret ediyor olabilir. Bu çalışma E-DEHB ve oksidatif stres arasındaki ilişkiyi aydınlatmak için yapılmış ilk aşama çalışmalarından biri olarak kabul edilebilir. Bu ilişkiyi net olarak ortaya koyacak ileri çalışmalara ihtiyaç vardır.
INTRODUCTION
Attention deficit hyperactivity disorder (ADHD) is one of the most common psychiatric disorders in childhood and may continue into adulthood up to 60% 1 . Subtypes of adult ADHD (A-ADHD) are classified as inattentive, hyperactive-impulsivity, and combined 2 . Inattentive type is the most prevalent one, in which patients have difficulties in organization, memory, planning, task processes, and time management 3 . Although there are various theses that explain the possible relationships of genetic, neurobiological, environmental, and psychosocial factors with the etiopathogenesis of ADHD, the etiology of ADHD remains unclear 4, 5 . Numerous studies have been conducted regarding etiopathology of pediatric ADHD, whereas A-ADHD studies are relatively few.
Oxidative stress is defined as the imbalance between oxidants and antioxidants in favor of the oxidants that may cause damage by the excessive production of free radicals 6, 7 . Both the excessive amounts of free radicals and/or inefficient antioxidant systems impair the proteins (cellular proteins, enzymes), carbohydrates, lipids (cell membrane, cilia functions), and DNA 8 . Many studies have noticed that neuronal damage due to oxidative stress may play a role in the pathophysiology of several psychiatric disorders such as; schizophrenia, depression, bipolar, and obsessive compulsive disorders [9] [10] [11] [12] . Recently, oxidative stress has been studied in A-ADHD and there is an accumulating evidence to support its' role. The oxidant [nitric oxide, malondialdehyde (MDA), total oxidant status (TOS)] levels had shown to be higher and antioxidant (superoxide dismutase, paranoxase, arylestarase) levels lower than controls in A-ADHD 8, 13, 14 . Dopamine, which is very vulnerable to oxidation, is the main neurotransmitter that is associated with the etiopathogenesis of ADHD 15 . The alteration on the action of dopamine and hypofunctionality of dopaminergic pathways may play a role in ADHD pathogenesis 16 . Catalase (CAT) is classified as one of the antioxidant enzymes. The levels of CAT may reflect the oxidative stress status of the body. Decreased levels of CAT may be a sign of the oxidative stress, and the elevated levels may indicate a compensatory mechanism or a preceding oxidative stress 17 . Thiols are the sulphur analogue of alcohols. Physiological status may affect the action of plasma thiols either pro-oxidant or antioxidant. In some studies, pro-oxidant effects of thiols and an association with cardiovascular and cerebrovascular diseases had been shown 18 . Thiols are acting as intracellular buffering system and the increasing levels may cause reductive stress. Thiol stress was shown that it might induce the production of CAT as well as other antioxidants 19 .
In the present study, we aimed to evaluate CAT and thiol levels in A-ADHD patients and compare with those of healthy controls.
MATERIALS AND METHODS
25 A-ADHD patients between 18 and 45 years of age, diagnosed according to Turgay's Turkish version of Adult ADD/ADHD DSM IV Based Diagnostic Screening and Rating Scale by two psychiatrists (H.A.S. and S.S.) in the Psychiatry Department of Gaziantep University Hospital and 25 healthy volunteer controls were included in the study. The patients were diagnosed firstly as having A-ADHD. The healthy control group was selected randomly from the hospital workers, who had not any psychiatric and medical disorders. Gunay and colleagues previously showed the validity and reliability of the Turkish version of this scale in 2006 20 . The control group of the study included healthy subjects, who were similar to the patients in this study in terms of age, sex and smoking status.
Exclusion criteria were as follows: tardive dyskinesia related to neuroleptics, presence of severe organic condition, use of any antioxidant agent (i.e. vitamins E and C), presence of epilepsy and severe neurologic disorder which were previously found to be associated with oxidative status, presence of infectious disease, excessive obesity. Any Axis-I psychiatric co-morbidity was allowed if in remission as determined by the Clinical Global Impression Scale score of 2 or below, at least for the last 2 months. For ethical considerations, the patients were not discontinued from their medications during the study period. All patients and control subjects gave informed consent. The local ethics committee approved the study.
Blood Sampling
After 08:00 p.m. on the day before collection, the subjects were strictly prohibited from alcohol or food intake and physical exercise. In plasma samples of study groups, above mentioned metabolites were measured. During routine laboratory evaluation at 08.00 a.m. blood samples were collected. Only one sample was collected. Serum sample were stored frozen at -70ºC after immediate centrifugation (1000xg, 10 min).
Measurement of Thiol levels
Plasma thiol levels were determined according to the method modified by Hu et al. 21 . The principle of the method is based on the spectrophotometric measurement, at a wavelength of 412 nm, of 5-thio-2-nitrobenzoic acid (TNB) that is produced as a result of the reduction by free thiol groups of the Ellman reactive [5.5'-dithiobis (2-nitrobenzoic acid); DTNB] as seen in the reaction equation.
Measurement of CAT activity
CAT activity was measured by the method that was described by Goth 22 ; 0.2 ml hemolysate was incubated in 1.0 ml substrate (65 mmol per H 2 O 2 in 60 mmol/l sodium-potassium phosphate buffer, pH 7.4) at 37°C for 60 s. The enzymatic reaction was stopped with 1. 
RESULTS
Age, gender, and BMI index of patients and controls showed homogeneity and there were no differences between the groups. Most of the patients (n=21, 84%) and control group (n=16, 64%) were male (p=0.196). While the mean age of the patient group was 26.88±8.36, the control group was 28.24±8.69 (p=0.576). Average BMI of the patients (22.73±3.47) and the controls (23.01±2.89) did not differ (p=0.798). The subgroups of ADHD were found as follows; 8 attention deficit, 8 combined, 4 hyperactivity, and 5 NOS. 16 patients had comorbid psychiatric disorders and 9 patients were only A-ADHD. The most frequent comorbid psychiatric disorders were anxiety disorder NOS (n=7, 14%), social phobia (n=3, 6%), and personality disorder (n=2, 4%). Depression, panic disorder, obsessive compulsive disorder, and sexual dysfunction was diagnosed in one each patient. Eighteen patients (72%) were treated for ADHD with drugs. CAT and thiols levels were not differentiated between treated and non-treated patients (Z=-0.484, p=0.628; Z=-0.968, p=0.333; respectively). The patients who did not receive and have not been receiving drugs for any psychiatric disorders defined as "drug-naive patients". The number of such patients was only four. The comparison of CAT and thiol levels between drug users and naives did not show any differences (Z=-1.705, p=0.088; Z=-0.296, p=0.767; respectively). Total score and subscores were not correlated with any of the mentioned biochemical parameters. The mean CAT levels in patients with ADHD were significantly higher and thiol levels were significantly lower than those of controls (Table 1) . When the comorbid patient group was compared with pure A-ADHD patients in terms of CAT (11.49±0.28, 11.51±0.40, respectively) and thiol (0.22±0.05, 0.25±0.03, respectively) levels, there were not found any significant differences (p=0.865, p=0.174, respectively).
ROC curve analyses for thiol ( Figure 1 ) and CAT ( Figure 2 ) were performed and showed statistically significance. For thiol levels, the smaller test results were accepted more positive; however for CAT, higher levels were accepted as positive. The cutoff points were drawn from the curve for thiol 0.2897 IU/L and for CAT 11.0265 IU/L. For those cutoff points, sensitivity and specificity of thiol were 88% and 60%, and for CAT were 88% and 64%.
DISCUSSION
To the best of our knowledge this is the first study that evaluate both CAT and thiol levels in A-ADHD. The main findings of the present study were the elevated levels of CAT and lower levels of thiol in patients than controls. In recent years, CAT levels were also found to be higher than controls in pediatric ages but it was not statistically significant 23 . In our previous study, we found that the total antioxidant status (TAS) levels were higher than those of controls 24 . Like our previous study, we may interpret the CAT result of the study as a "rebound phenomenon". Elevated antioxidant levels in other psychiatric disorders were also found and explained by a compensative increase to oxidative stress 24 . The second finding of the study was thiol levels were found significantly lower than controls. In pediatric patients MDA and nitric oxide, good indicators of the oxidative stress, were found higher than controls unlikely to our study 23 . Thiol levels were studied on pediatric patients and reported that higher than controls but this finding was not statistically significant 4 . When we take overall together, we may interpret that thiol levels may be decreased with in a reaction of increased CAT levels and thiol act like a pro-oxidant in our study.
We did not find any significant differences between comorbid and non-comorbid patient groups in terms of oxidative stress markers parallel to our previous study 13 . One may think that when the disease load increases, the oxidative stress might also increase. However, we did not show any relationship with the comorbidity and oxidative stress markers. Drug intake for any kind of psychiatric disorders did not show any relationship with the mentioned markers in the present study.
The first limitation of the study considered as the small number of patients. The diagnosis of A-ADHD has contradictions, and diagnosing and treating such patients requires a special interest. Consequently we did mot have enough patients with non-treated for ADHD, and drug naive for There is only one study that suggested the oxidative stress markers might vary according to the clinical course and status 25 . In the mentioned study, the authors suggested that TAS, red blood cell (RBC) CAT, plasma nitrite might be the state markers and RBC SOD might be the trait marker. Oxidative stress takes an important part not only in the pathogenesis of schizophrenia but also in other psychiatric disorders and other medical diseases. Thus, in chronic psychiatric disorders like ADHD, the oxidative stress markers may also vary with the clinical status as well. In our previous study, we speculated that TOS level might be a diagnostic tool for A-ADHD patients 13 . The results of the study showed that CAT and thiol levels might be a prediction method for the A-ADHD patients. In the lights of this knowledge, we may comment that the cross sectional studies are like a picture taken from a movie. However, what is really going on the course of the illness is still unclear in terms of oxidative status.
As a conclusion, the relationship between oxidative stress and A-ADHD remains unclear. There is a need for new longitudinal studies that would profile the oxidative stress markers during the course of the illness to lighten this black area.
